Abstract Changing physical activity and dietary behavior in chronic disease patients is associated with significant health benefits but is difficult to achieve. An often-used strategy is for the physician or other health professional to encourage behavior changes by providing advice on the health consequences of such behaviors. However, adherence to advice on health behavior change varies across individuals. This paper uses data from a population-based crosssectional survey of 1849 individuals with chronic disease to explore whether differences in individuals' time and risk preferences can help explain differences in adherence. Health behaviors are viewed as investments in health capital within the Grossman model. Physician advice plays a role in the model in that it improves the understanding of the future health consequences of investments. It can be hypothesized that the effect of advice on health behavior will depend on an individuals' time and risk preference. Within the survey, which measured a variety of health-related behaviors and outcomes, including receipt and compliance with advice on dietary and physical activity changes, time preferences were measured using financial planning horizon, and risk preferences were measured through a commonly used question which asked respondents to indicate their willingness to take risks on a ten-point scale. Results suggest that time preferences play a role in adherence to physical activity advice. While time preferences also play a role in adherence to dietary advice, this effect is only apparent for males. Risk preferences do not seem to be associated with adherence. The results suggest that increasing the salience of more immediate benefits of health behavior change may improve adherence.
Introduction
Health behaviors such as physical activity and dietary behavior are major risk factors for chronic disease. It is well known that it is challenging to change these behaviors. An often-used strategy is for the physician or other health professional to encourage health behavior changes by providing advice on the health consequences of such behaviors. Evidence suggests that physician advice 1 is effective in changing health behaviors (e.g., [20, 25] ). However, adherence to advice on health behavior change varies considerably across individuals [39] . To devise incentives for better adherence, it is crucial to gain a better understanding of the underlying factors that are correlated with whether patients adhere. Many different determinants of health behaviors and barriers to health behavior change have been identified in the literature [14] . This paper draws on economic theory and explores whether differences in individuals' time and risk preferences can help explain differences in adherence to physician advice.
A number of papers have highlighted the potential role played by time preference in adherence [9, 13, 12, 32] .
Adherence to recommended health behavior changes and medication regimens is an intertemporal decision with costs and benefits occurring at different points in time. Adherence generally represents a trade-off between shortterm costs and long-term benefits. For example, adopting smoking cessation advice involves a trade-off between costs now in terms of withdrawal symptoms in exchange for future health benefits in terms of reduced mortality and morbidity. Time preferences are key parameters in intertemporal models determining how individuals tradeoff outcomes over time. It could therefore be hypothesized that individuals' time preference would influence whether they adhere to recommended health behavior changes. Another feature of the intertemporal decision is that the future health consequences are uncertain. For example, an individual does not know with certainty whether adopting smoking cessation advice will lead to future health improvements (they may still experience lung cancer for example). Individuals' attitude to risk could therefore also play a role in adherence.
The aim of this paper is to investigate the relationship between adherence to physician advice in health behavior changes and individuals' time and risk preferences in a sample of chronic disease patients (heart disease, hypertension, diabetes, stroke). Most previous studies have examined the correlation between health behaviors (smoking, obesity, excessive alcohol use, drug use) and time and risk preferences in relatively healthy samples, comparing for example the time and risk preferences of smokers with those of non-smokers in general population or student samples [22, 35] . The contribution of this paper is two-fold. Firstly, this study focuses on chronic disease patients rather than general population samples. Understanding the determinants of health behavior is of particular importance in this group given the larger health effects associated with these behaviors in this group. Secondly, this study examines whether time and risk preferences are associated with how individuals adhere to physician advice, that is, whether time and risk preferences are associated with changes in behavior. Examining adherence has the potential to inform the development of more effective self-management interventions in chronic disease. Previous research into the relationship between adherence to physician advice on health behavior change and time and risk preference is very limited. Chapman et al. [8] investigated the correlation between time preference and medication adherence in individuals with hypertension and high cholesterol. The results were mixed in that the correlations did not always have the expected sign and/or were not statistically significant. Brandt and Dickinson [6] found a statistically significant relationship between adherence to asthma control medication and time and risk preferences in a small sample of college students. This paper uses a larger population-based survey and examines the role of time and risk preferences in people with a range of chronic conditions (heart disease, hypertension, diabetes, stroke).
Conceptual framework
The conceptual framework draws on the canonical model of demand for health, the Grossman model. In this model, health is viewed as both a consumption good and an investment good. Individuals can invest in (produce) health through investing resources and time. Choices regarding level of health investments are made so that the expected discounted utility over the lifetime is maximized. Grossman did not specifically consider the impact of different time preference rates. Given that health investments such as physical activity typically involve short-term costs and long-term benefits, it can be deduced that a higher time preference rate will reduce the level of health investment. Most studies testing this hypothesis empirically have found a significant association between time preferences and a range of health behaviors [22] .
The Grossman model was formulated under conditions of certainty and risk preferences were therefore not relevant. Dardanoni and Wagstaff [10] introduced uncertainty into the Grossman model. Pfeifer [30] explored the impact of differences in risk preferences within a simplified Grossman model. Risk preferences affect the subjective expectations of health and productivity effects of health investments. Individuals who are more risk averse have higher subjective perceptions of health risks and as a result higher expectations of the earning reductions. As a result, a risk-averse individual will make more health investments compared to a risk-seeking individual. Empirical evidence suggests a relationship between risk preferences and health behaviors (see for example Barsky et al. [3] and Pfeifer [30] ).
Kenkel and Terza [20] argue that physician advice enters the model because investment in health depends on the predicted health consequences. Physician advice will improve the understanding of the parameters of the health production function. Note that this assumes that the individual will be receptive to the advice and will accurately interpret the advice. Evidence suggests that most individuals underestimate the health consequences of unhealthy behaviors in terms of both probability and magnitude and as a result underestimate the benefits of health investments [38] . Provision of information is therefore likely to lead to a higher overall expected utility of health investments. However, given that health benefits tend to occur relatively far into the future, the increase in discounted expected utility is lower for individuals with high time preference rates compared to individuals with a low time preference rate. It is also lower for risk-seeking individuals. The increase in expected utility resulting from a better understanding of the probabilities of the health consequences is lower in risk-seeking individuals as they are less sensitive to risk compared to risk-averse individuals. It is therefore hypothesized that individuals with high time preference rates and risk-seeking individuals are less likely to adhere to physician advice compared to individuals with low time preference rates and risk-averse individuals. It should be noted that an individual's perception of the probability and magnitude of the benefits of health investments may also be a function of their time and risk preferences. For example, individuals who are risk averse may be more likely to overestimate the risks of unhealthy behaviors. However, this would also result in higher levels of investment. That is, the direct and this more indirect effect of time and risk preferences on levels of investment work in the same direction.
Methods Data
Adherence to physician advice on dietary and physical exercise behavior changes is modeled as a function of time and risk preferences. Data were collected as part of a larger cross sectional survey of chronic disease patients in Western Canada, the Barriers to Care for People with Chronic Health Conditions (BCPCHC) survey [37] . The sampling frame of the BCPCHC survey consisted of individuals living in Western Canada (Alberta, British Columbia, Manitoba, Saskatchewan) who were at least 40 years of age and who self-identified as having at least one of four chronic diseases (hypertension, diabetes, heart disease and stroke) in the 2011 Canadian Community Health Survey (CCHS). Using these criteria 2400 respondents were identified for participation in the BCPCHC, of whom 2316 were still in scope at the time of survey administration. The response rate was 80 %, yielding a final sample of 1849 individuals. Data were collected by telephone using Computer Assisted Telephone Interviews (CATI) by Statistics Canada. The questions for the survey were designed by subject matter experts in Statistics Canada Health Analysis Division and project researchers including the authors of this paper. Qualitative testing of the questionnaire was undertaken in the form of focus group testing. This included interviews and focus groups with participants having a mix of chronic conditions. With participant consent, responses from the BCPCHC survey were linked to their corresponding 2011 CCHS responses to provide more detailed socio-demographic information, including household income. Table 1 shows the descriptive characteristics of the estimation sample. Due to missing data, our sample reduces to 1637 individuals in the case of physical activity advice and 1634 in the case of dietary advice. Notably income was missing for around 30 % of the total sample. For those individuals, income was imputed using a nearestneighbor technique including postal code median income, household size, and approximate household income range [40] .
Adherence variables
Adherence is measured using self-reported adherence questions [7] . Respondents were first asked whether they received advice from their doctor or other health professional. If they stated they had received advice, they were asked whether they had ever changed their behavior. If so, they were then asked whether they still did and at what level (none, some, most or all of the time). Appendix 1 shows the wording of the adherence questions. The focus of this paper is on the two types of advice that are most often received by all patients in the sample: advice to change dietary and physical activity behaviors [7] . The dietary advice relates to advice on changing the types of foods individuals eat such as fruits and vegetables, fish or lean meats, foods high in fiber or foods low in fat to help manage their chronic disease. The physical activity advice relates to advice on exercising or participating in physical activities to help manage their chronic disease. Changes in dietary and physical activity behaviors have been shown to reduce morbidity and mortality [4, 5, 24] .
The adherence variables are dichotomized into non-adherence (never or no longer adhere). A binary variable is created that equals one if the individual does not adhere (never or no longer adhere) and zero otherwise. As very few individuals stated that they no longer adhered these were merged with those who never adhered. A number of robustness checks are run on the classification of adherence in the sensitivity analysis.
Self-report measures have been used extensively in the literature as they are practical and inexpensive but they are subject to social desirability and recall bias [39] . The validity of the measures used in this study is explored by testing whether adherence is associated with body mass index (BMI), physical activity behavior, and diet quality. These measures were collected as part of the Canadian Community Health Survey to which the data were linked.
Time and risk preference
In the economics literature risk preferences are generally measured using lotteries and time preferences using intertemporal trade-offs. Due to constraints on survey The role of time and risk preferences in adherence to physician advice on health behavior… 375 length and the mode of data collection (CATI), it was not possible to use lotteries or intertemporal trade-offs. These questions tend to be cognitively complex and relatively time consuming. Time and risk preferences are therefore measured using proxies in this survey. Time preferences are measured using financial planning horizon. Planning horizon has been used in several studies as a proxy for time preference (for example Picone et al. [31] , Khwaja et al. [21] , Samwick [34] ). Adams and Nettle [1] show that planning horizon and time preference rate, measured using hypothetical trade-offs over time, are correlated. There are other factors that are likely to be associated with planning horizon such as socio-economic status, which are controlled for in the analysis. The financial planning horizon question asks respondents:
''In planning your savings and spending which of the following time periods is most important to you?' ' The respondent has the option of choosing: (1) next week; (2) next few months; (3) next year; (4) next 2-4 years; (5) next 5-10 years; and (6) more than 10 years ahead.
Risk preferences are measured through a commonly used risk scale. The scale is used in a number of household surveys such as the British Household Panel Survey (BHPS). The question asks respondents to indicate their willingness to take risks on a ten point scale, with one indicating unwilling to take risks, and ten indicating fully prepared to take risks. The wording of the general risk question is as follows: ''Are you generally a person who is fully prepared to take risks, or do you try to avoid taking risks? Dohmen et al. [11] showed that the general risk question accurately predicts behavior within incentive compatible lottery experiments.
Other covariates
Other variables of interest in this analysis included chronic condition (categorized as hypertension, diabetes, heart disease and stroke); gender; age group (categorized as 40-64, 65-74, and 75 years and older); education (dichotomized as less than post-secondary or post secondary); household income (dichotomized as \$30,000 or $30,000 and greater); marital status (dichotomized as married/common law or widowed/separated/divorced/single); rural residence (dichotomized as living in a population centre or a rural area); severity (dichotomized as 1 chronic condition or more than 1 chronic condition); having a usual doctor (dichotomized as yes or no) and the number of times the respondent saw a family doctor or general practitioner for their chronic condition in the past year. Respondents were also asked if they had enough information to manage their chronic condition and were classified as ''yes'' if they responded that they had all they had information they needed and ''no'' otherwise.
Some of the covariates are likely to be correlated with time and risk preferences and including the covariates may therefore reduce the size and significance of the time and risk preference coefficients. For example, time preference may affect education, which in turn affects non-adherence. However, exclusion of the covariates in the estimation may result in omitted variables bias in the likelihood of nonadherence. To examine whether time and risk preference are correlated with the covariates, willingness to take risk and planning horizon were regressed as a function of the covariates. Appendix 2 shows that risk preferences (willingness to take risk) are correlated with age, sex, education and not having enough information to manage their condition. Time preferences (planning horizon) are correlated with age, income and number of times they saw a family doctor or general practitioner. To understand how the covariates impact the time and risk preferences coefficients, we first estimate a basic model with only time and risk preferences included and gradually introduce the covariates.
Method of analysis
The main hypotheses will be tested using probit regression analysis. The dependent variable is non-adherence to advice on health behavior change (never or no longer adhere). The independent variables are time and risk preferences and the covariates. The covariates consist of factors that are known to be associated with adherence and include socio-economic factors (gender, age, education, income, marital status, rural residence), condition related factors (severity-defined as having more than one chronic condition), and healthcare system factors (whether the individual has a regular medical doctor and number of times seen or talked to a family doctor or general practitioner for their chronic condition in the last 12 months) [19] . Non-adherence to advice is modeled separately for the two types of advice, eating certain foods and physical activity. Whilst the error terms in the two regression models may be correlated as non-adherence to the two types of advice may be influenced by common unobservable factors such as health attitude, no efficiency gains are made by using seemingly unrelated regression methods (such as the bivariate probit) as the regression models have identical independent variables [16] .
We model receipt of advice and non-adherence using a probit model, which can be derived from a latent or unobserved variable model. Let y * denote the latent variable such that
where e * N(0, 1) and y * = 1 if y * [ 0; 0 otherwise. Then the probability of receipt of advice or non-adherence, y, is given by
where U(z) = $ /(v)dv is the cumulative normal distribution function with standard normal density /(v) = (2p)
exp(-z 2 /2). This probit model is estimated by maximum likelihood using the software STATA.
Receipt of advice and non-adherence is modeled as function of time preference (TP), risk preference (RP) and a range of covariates (D):
Non-adherence
Marginal effects are reported as the parameters a and c will not allow inference of the magnitude of the impact on the likelihood of receipt of advice and non-adherence.
To explore gender differences, the models are run separately for females and males. The analysis is also rerun for hypertension patients only. The health consequences of hypertension tend to occur farther into the future compared to the other chronic diseases (diabetes, stroke, and heart disease). It could therefore be hypothesized that time preferences in particular play a more important role in adherence to advice on behavior changes in hypertension patients.
To explore the validity of the self-reported adherence variables, BMI, physical activity, and diet quality are regressed on the adherence measures and a range of covariates (gender, age, education, income, marital status, rural residence, and severity (having more than one chronic condition)). BMI is measured using self-reported height and weight. Physical activity is measured using a series of questions about the types and intensity of leisure time activity. Answers to these questions were converted into values for total daily energy expenditure (kcal/kg/day) and further categorized into three levels (active, moderately active and inactive). For this analysis the variable was dichotomized into active (incorporating moderately active coded as zero) and inactive (coded as one). Diet quality is measured using a validated measure based on four questions on fruit and vegetable intake [26] [27] [28] . The four dietary variables were combined into an index based on their individual relationship with mortality that was observed in previous studies [26, 28] . A composite score was constructed that assigned one point for daily fruit and vegetable consumption excluding fruit juice up to a maximum of eight points. High potato intake (-2 points for C7 servings of potato weekly (men) or C5 (women) times/ week), no carrot intake (-2 points) and high fruit juice intake (-2 points per daily frequency of fruit juice consumption exceeding once/day up to a maximum of -10 points) were penalized, as they were shown to be independently associated with mortality. The diet score was calculated by adding two baseline points to the sum of total points. The resulting score ranged from 0 to 10 and for this analysis is coded zero for worst diet (score 0-3.5), one for medium diet (score 3.5-6.5) and two for best diet (score 6.5-10.0). BMI is modeled using linear regression, physical activity is modeled using probit regression and diet quality using ordered probit regression. Figure 1 shows the distribution of the time and risk preference variables. There is considerable heterogeneity in time and risk preferences in this sample of chronic disease patients. The correlation between time and risk preferences is 0.040 (p = 0.10). Table 2 shows the adherence variables. The majority of patients have received physician advice (advice from their doctor or health professional) on eating certain foods and physical activity. Non-adherence (never or no longer adhere) is higher in physical activity (14.6 %) compared to eating certain foods (7.6 %). Table 3 shows the marginal effects of the probit regressions for receipt of advice. Older patients are less likely to have received dietary advice whilst seeing a health professional more often and disease severity (having more than one chronic condition) increases the probability of receiving dietary advice. Receipt of physical activity advice is also a function of age and disease severity. Having a regular doctor increases the probability of receiving physical activity advice whilst having a household income of less than $30,000 reduces the probability of receiving physical activity advice. Table 4 shows the marginal effects of the probit regressions for non-adherence. Risk preferences are not statistically significant in any of the models. Time preferences (planning horizon) are associated with non-adherence to physical activity advice. Individuals with a longer planning horizon (more future oriented) are more likely to adhere (i.e., less likely to not adhere) to advice on physical activity. The marginal effects show that at the mean value a unit increase in planning horizon is associated with a 1.9 % increase in the probability of adhering to advice on physical activity. In the case of adherence to advice on eating certain foods, planning horizon is not statistically significant. Table 5 shows the full models by gender and for hypertension patients only. Planning horizon has a consistent effect on non-adherence across the models in the case of physical activity advice. Gender differences are found in the case of adherence to advice on eating certain foods. Planning horizon is statistically significant in case of males but not for females.
Results
A number of robustness checks on the classification of adherence and the time and risk preference variables were run. Adhering some of the time was reclassified as nonadherence. Time preference was no longer significant in Physical activity (n = 1637) The role of time and risk preferences in adherence to physician advice on health behavior… 379 this case suggesting that time preference explains the upper tail of the adherence distribution only. Time and risk preferences were also entered as binary variables (planning horizon shorter than a year and risk response greater than five) as well as dummy variables for each of the categories (four in the case of time preference and ten in the case of risk preferences). Similar results were found across the alternative specifications. It would have been interesting to explore non-adherence across the two behaviors concurrently but sample sizes are too small to conduct any robust analyses. Table 6 shows the results for exploring the validity of the adherence variable. As expected, individuals who do not adhere to physical activity advice have a higher BMI and are more likely to report that they are not physically active. Individuals who stated that they did not adhere to dietary advice are more likely to have a lower diet quality score but no significant relationship was found with BMI.
Discussion
This paper explored the role of risk and time preferences in non-adherence to physician advice on health behavior change in a sample of chronic disease patients. Adherence to dietary and physical activity advice was examined. The results showed that risk preferences were not associated with adherence in any of the models. Time preferences were associated with adherence to physical activity advice. The marginal effects were relatively small which is in line with other literature examining the relationship between time preference and health behaviors [22] . There was a gender effect in case of adherence to dietary advice. Time preferences were associated with adherence in males only. Jusot and Khlat [18] found a similar gender difference in the relationship between time preference and smoking.
There are a number of limitations to this study. Both adherence and time and risk preferences are likely to have been measured with some error. Adherence to physician advice on health behavior changes was self-reported.
Evidence suggests that respondents overstate adherence [39] . However, adherence was shown to be correlated with BMI, physical activity behavior and diet quality. Whilst these measures were also self-reported they have been shown to predict a range of objectively measured health outcomes and diseases, including diabetes, stroke, cardiovascular disease, hospitalization and mortality [26, 28, 29, 33, 36] . The survey only asked whether people were given certain types of advice and no information was available on the level of detail of this advice, how it was delivered, how long ago and how often they received advice. We only observed adherence for those respondents who stated that they received advice from their physician. Individuals may The role of time and risk preferences in adherence to physician advice on health behavior… 381 be less likely to state that they received advice if they did not adhere and this may have introduced a bias in the adherence analysis. This could be explored in future research by obtaining a more objective measure of receipt of advice such as a measure based on medical records. Due to the fact that only a few respondents reported they no longer adhered, it was not possible to examine whether the effect of time and risk preferences is similar for the decision to change behavior following physician advice and for the decision to maintain the behavior changes. This would be interesting to explore in future research with larger samples. The question also arises whether planning horizon and the risk scale are valid proxies for time and risk preferences. Empirical evidence suggests that the proxies are correlated with more robust measures of risk and time preferences [1, 11] . More precise measures of time preferences would have allowed the investigation of alternative discounting models such as the quasi-hyperbolic discounting model. Evidence suggests that individuals have present bias, that is, they attach enhanced significance to outcomes that occur in the present [15] . This can explain why individuals often plan behavior change in the future but fail to follow through with this. For example, they plan to go to the gym next week but when next week arrives the temptation of the sofa is too strong. The role of present bias in adherence to physician advice would therefore be interesting to explore. It is also unclear whether time and risk preferences for money are the most appropriate type of preferences when the interest is in health investments. However, time preferences for monetary outcomes tend to be correlated with time preference for health outcomes (see for example, Lazaro et al. [23] ). Moreover the proxies have been shown to be correlated with health behaviors (see for example Dohmen et al. [11] ). Further research examining adherence using time and risk preferences for health outcomes is required. Finally, as the study is based on cross sectional data the correlation between time preference and adherence does not necessarily reflect causal relationships. Standard economic theory assumes that time preferences are exogenous and, if this assumption holds, it could be argued that the correlation reflects a causal effect of time preferences on adherence. However, time preferences may be endogenous and change over the lifecycle [2] . This study provides some support for the role of time preference in adherence to advice on health behavior change. This suggests that adherence can be improved by increasing the salience of the more immediate benefits of health behavior change. Health behavior advice often consists of information on the longer-term health benefits. Individuals who are more present oriented, place relatively less value on longer-term benefits than individuals who are more future oriented. However, health behavior changes often also have shorter-term benefits and increasing the salience of these more immediate benefits would be effective in particular in individuals who are present oriented. Increasing the salience of the connection between current activities and future outcomes may also be effective. For example, Hall and Fong [17] showed that a 'time perspective' intervention improved physical activity levels in young adults. The intervention consisted of education and activities to make people more aware of the connections between present behavior and future outcomes of physical activity and explained how people often forget about these connections. Future research could explore whether such an intervention would also be effective in chronic disease patients. 
Appendix 1. Survey questions Adherence questions
The next questions are about things that a doctor or other health professional may have suggested to help manage The role of time and risk preferences in adherence to physician advice on health behavior… 383 your^CONDITION, and the things that people might do as a result of being diagnosed. Has a doctor or other health professional ever suggested/ recommended: eating certain foods such as fruits and vegetables, fish or lean meats, foods high in fiber or foods low in fat to help manage your chronic disease?
• Yes • No Did you ever change type of foods you eat, for example choosing more fruits and vegetables, fish or lean meats, foods high in fiber or foods low in fat to help manage your chronic condition?
• Yes Are you still doing this.
• All of the time.
• Most of the time.
• Some of the time.
• None of the time.
Planning horizon
In planning your saving and spending, which of the following time periods is most important to you?
• The next week.
• The next few months.
• The next year.
• The next 2-4 years.
• The next 5-10 years.
• More than 10 years ahead.
Risk
Are you generally a person who is fully prepared to take risks, or do you try to avoid taking risks?
On a scale ranging from 1 (Unwilling to take risks) to 10 (Fully prepared to take risks), where would you place yourself?
• 1: Unwilling to take risks.
• 10: Fully prepared to take risks.
Appendix 2
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